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Description 

The present invention relates to an apparatus and 
a process for the gas-phase polymerization of olefins 
in a f luidized-bed reactor. 

It is known to polymerize one or more olefins from 
a gaseous reaction mixture containing the olef in(s) to 
be polymerized in a f luidized-bed reactor, where the 
polymer particles being formed are kept in the flui- 
dized state above a f luidization grid, by means of the 
gaseous reaction mixture moving in an ascending 
stream. The polymer produced is generally withdrawn 
from the reactor via a discharge conduit arranged in 
the lower portion of the reactor, near the f luidization 
grid. The gaseous mixture leaving the top of the f lui- 
dized-bed reactor is recycled to the base of the latter 
by means of a recycle line and a compressor. While 
being thus recycled, the gaseous mixture is in most 
cases cooled with the aid of a heat exchanger, so as 
to remove the heat produced during the polymeriza- 
tion reaction. The polymerization reaction may be car- 
ried out in the presence of a catalyst system of the 
Ziegler-Natta type, consisting of a solid catalyst es- 
sentially comprising a compound of a transition metal 
and of a cocatalyst comprising an organic compound 
of a light metal. High-activity catalyst systems have 
already been known for a number of years and are ca- 
pable of producing large quantities of polymer in a rel- 
atively short time, and thus make it possible to avoid 
a step of removing catalyst residues from the polymer. 
These high-activity catalyst systems generally com- 
prise a solid catalyst consisting essentially of atoms 
of transition metal, of magnesium and of halogen. It is 
also possible to use a high-activity catalyst consisting 
essentially of a chromium oxide activated by a heat 
treatment and associated with a granular support 
based on a refractory oxide. 

A problem with gas- phase fluidized bed reactors 
is that a relatively large quantity of fine particles of 
polymer and of catalyst is entrained by the gaseous 
reaction mixture out of the f luidized-bed and out of 
the reactor. Some of the fine particles leaving the f lui- 
dized-bed can be returned to the bed before they 
leave the reactor itself by the use of a disengagement 
chamber above the reactor body. Such a disengage- 
ment chamber has a cross-section which is larger 
than that of the reactor body so that the flow rate of 
the gaseous reaction mixture through the disengage- 
ment chamber is substantially less than that through 
the reactor body. However, in order to avoid, or at 
least mitigate, fouling of the heat exchangers and pre- 
mature wear of the compressor, the gaseous mixture 
leaving the top of the f luidized-bed reactor can be 
passed through a dust separator, such as for example 
one or more cyclones, to separate the fine particles 
from the major part of the gaseous mixture. Since the 
particlese to be separated are very small, it can be 
difficult to extract them from the dust separator. The 



fine particles removed in a dust separator are prefer- 
ably returned to the reactor. 

Japanese patent application 57-128 706 disclo- 
ses a process for gas-phase polymerization of olefins 
5 wherein the gas mixture leaving via the top of the f lui- 
dized-bed reactor which contains polymer in the form 
of fine particles is fed to a cyclone in which the gas 
and particles are separated. The particles are re- 
moved from the bottom of the cyclone by suction, e.g. 
10 by using an ejector-compressor, and recycled to the 
reactor in a stream of carrier gas. 

French patent application 2 137 441 discloses a 
process for gas- phase polymerization of olefins in a 
f luidized-bed reactor in which the gas mixture leaving 
15 the top of the reactor which contains particles of poly- 
mer and catalyst is fed to a cyclone to separate the 
particles from the gas. The particles are recovered 
from the bottom of the cyclone using a suction device 
e.g. an ejector-compressor and are then recycled 
20 back to the reactor. 

If the fine particles and carrier gas are recycled 
to the lower portion of the fluidized bed, the carrier 
gas must normally undergo an additional compres- 
sion to avoid the blocking of the reintroduction conduit 
25 for recycling the fine particles. However, if, for rea- 
sons of economy, an additional compression is to be 
avoided, the fine particles can be recycled into the 
upper portion of the fluidized bed. In this case the 
flow rate of the fine particles circulating through the 
30 dust separator and means for recycling the fine par- 
ticles increases and the risk of blocking the said 
means can become significant. Furthermore, the fine 
particles which fly off above the fluidized bed can be 
deposited in relatively large quantities on the walls of 
35 the reactor above the bed and can agglomerate into 
a thick layer, especially in the reactor's disengage- 
ment chamber, when it has one. The deposited par- 
ticles can then form solid slabs which, beyond a cer- 
tain weight, can become separated from the walls, fall 
40 into the fluidized bed and seriously disturb the poly- 
merization reaction. Such problems can arise espe- 
cially when high-activity catalysts are employed, in 
particular catalysts of the Ziegler-Natta type, based 
on a transition metal, halogen and magnesium. 
45 The present invention overcomes, or at least mit- 

igates, the problems associated with the fine partic- 
les entrained out of the fluidized bed with the gas- 
eous mixture in a gas-phase fluid ized-bed polymeri- 
zation reactor. In particular, the flow rate of fine par- 
so tides leaving the reactor can be reduced and the risk 
of blocking the dust separator and/or the means for 
recycling the fine particles to the reactor can be re- 
duced. The quantity of fine particles deposited on the 
walls of the reactor above the f luidized-bed can bere- 
55 duced. Also, it is possible to operate the reactor with 
a higher velocity for the fluidizing gas mixture which 
can result in an increase in the production efficiency 
of the polymerization. 
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Thus, according to the present invention, appara- 
tus for polymerizing olefins in a gas-phase f luidized- 
bed comprises 

(A) a gas-phase fluidized-bed reactor comprising 
a reactor body (1) having a fluidization grid (3) ar- 
ranged in its base, the reactor body having a 
height above the fluidization grid (3) of H, 

(B) means (4) for recycling gas from the top of the 
fluidized bed reactor to the base of the reactor 
body (1), below the fluidization grid (3) compris- 
ing a dust separator (5), a heat exchanger (6,8) 
and a compressor (7) and 

(C) means for recycling fine particles from the 
dust separator (5) to the reactor body (1) 

and is characterized in that 

(D) the means for recycling the fine particles re- 
turns the fine particles to a position in the upper 
portion of the reactor body (1) 

and in that 

(E) the reactor body has two or more polymer out- 
lets, at least one lower polymer outlet (15) is in the 
lower portion of the reactor body (1) and at least 
one upper polymer outlet (1 6) is in the upper por- 
tion of the reactor body (1) at a height of at least 
H/3 above said at least one lower polymer outlet 
and at a position which when the reactor is in use 
is below the top of the fluidized bed. 

The present invention includes a process for gas- 
phase polymerization of one or more olefins in the 
presence of a solid catalyst based on chromium ox- 
ide, activated by heat treatment, or a catalyst system 
of the Ziegler-Natta type in which process a rising 
stream of a gas mixture containing the o!ef in(s) to be 
polymerized keeps the polyolefin particles being 
formed in the fluidized state in a fluidized-bed reactor 
comprising a reactor body (1) having at its base a flu- 
idization grid (3), extending to a height H above said 
fluidization grid and being partially occupied by the 
fluidized-bed, the gas mixture leaving the fluidized- 
bed reactor entrains fine particles which are separat- 
ed from the gas mixture in a dust separator and are 
recycled to the reactor body (1), the gas mixture being 
then cooled, compressed and recycled to the base of 
the reactor, and forming the recycle gas, the process 
being characterised in that 

(A) the fine particles separated in the dust sepa- 
rator (5) from the gas mixture leaving the reactor 
are recycled to the reactor body (1) and intro- 
duced to the upper portion of the reactor body (1) 

and in that 

(B) the polymer produced is withdrawn from the 
reactor via at least two polymer outlets, at least 
one of which (15) is in the lower portion of the re- 
actor body (1) and at least one of which is an up- 
per polymer outlet (1 6) in the upper portion of the 
reactor body (1) at a height of at least H/3 above 
said lower polymer outlet and at a position below 
the top of the fluidized-bed. 



The apparatus and process will be described with ref- 
erence to the accompanying drawings. 

Figure 1 shows diagrammatically apparatus for 
the gas-phase polymerization of olefins according to 

5 the present invention. 

Figure 2 shows diagrammatically apparatus for 
the gas-phase polymerization of olefins which is the 
same as that illustrated in Figure 1 except that the re- 
introduction conduit (13) recycles the fine particles to 

10 a different position in the reactor. 

Figure 1 illustrates a gas-phase fluidized-bed re- 
actor consisting essentially of a reactor body (1), 
which is generally an upright cylinder, having a fluid- 
ization grid (3) in its base. The reactor body (1) has a 

15 height above the fluidization grid (3) of H. 

The reactor body (1 ) is surmounted by an option- 
al, but preferred, disengagement chamber (2), which 
has a cross-section which is larger than that of the re- 
actor body (1). The disengagement chamber can be 

20 of any suitable shape. The disengagement chamber 
(2) illustrated in Figure 1 comprises a cylinder of larg- 
er diameter than the cylinder of the reactor body (1), 
connected to the reactor body by a section having the 
form of a frustum of a cone and having a dome- 

25 shaped roof which can be hemispherical. The disen- 
gagement chamber may also, for example, take the 
form of a bulb, consisting of the frustum of a cone, the 
small base being connected to the reactor body (1) 
and the large base being connected to a dome- 

30 shaped roof which can be hemispherical. 

When the fluidized-bed reactor is in use, the re- 
actor body (1), is partially occupied by a fluidized bed 
comprising particles of catalyst and polymer. The bed 
has a height h, measured from the fluidization grid (3) 

35 to the top of the bed (14) and the ratio of the height 
of the bed h to the height of the reactor body H is gen- 
erally from 0.7 to 0.95, preferably 0.75 to 0.9. In the 
zone of the upper portion of the reactor body (1) 
which is not occupied by the fluidized-bed, spattering 

40 of solid particles takes place as the bubbles of the 
gas mixture passing through the fluidized-bed burst 
at the surface at the top of the bed. The height of this 
zone is preferably such that entrainment of solid par- 
ticles out of the reactor body is minimised. When a 

45 disengagement chamber is used, it is particularly im- 
portant to minimise the amount of spattering particles 
reaching the disengagement chamber (2). The oper- 
ation of the disengagement chamber could be distur- 
bed by particles spattering into the chamber. 

so The essential function of a disengagement cham- 

ber (2) is to slow down the ascending gas stream 
which, after having passed through the fluidized-bed, 
can contain relatively large quantities of solid partic- 
les. As a result of this velocity reduction, most of the 

55 entrained solid particles return directly to the fluidized 
bed. Only the finest particles are entrained out of the 
reactor. 

The gaseous reaction mixture leaving the top of 
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the fluidized-bed reactor is recycled to the base of the 
reactor under the fluidization grid (3) via an external 
recycle conduit (4) which is provided with a dust sep- 
arator (5), at least one compressor (7) and at feast one 
heat exchanger (6,8). In Figure 1, two heat exchang- 5 
era are shown, one before (6) and one after (8) the 
compressor (7). The heat exchangers cool the recy- 
cle gas to remove the heat of polymerization and 
thereby maintain a relatively constant temperature in 
the fluidized bed. 10 

Make-up of constituents of the gaseous reaction 
mixture consumed or lost during the process can be 
introduced into the recycle conduit as shown, for ex- 
ample, by the line (9) in Figure 1. 

The dust separator (5) illustrated in Figure 1 is a 15 
cyclone. Other dust separators can be used such as 
for example a filter or an apparatus containing baf- 
fles. More than one dust separator may be used in 
parallel or in series. The dust separator is generally 
situated upstream of the compressor (7) in order to re- 20 
duce wear of the latter. The particles separated from 
the gas mixture leaving the reactor are recycled to a 
position in the upper portion of the reactor body (1). 
The means for recycling the fine particles from the 
dust separator (5) to the reactor body (1) illustrated in 25 
Figure 1 comprises a mixing device (10) capable of 
withdrawing the fine particles from the dust separator 
(5), mixing them with a carrier gas and recycling the 
mixture of carrier gas and fine particles to the reactor 
body (1) via a reintroductin conduit (13). The function 30 
of the mixing device (10) is to bring the fine particles 
collected in the dust separator (5) into contact with 
the carrier gas which is intended to convey these par- 
ticles substantially uniformly diluted in the gas 
stream. The mixing device (10) is preferably situated 35 
immediately below the lower part of the dust separa- 
tor (5). It can consist of an ejector-compressor com- 
prising a converging section, that is to say a portion 
of decreasing cross-section into which the carrier gas 
is introduced, a mixing chamber connected to the par- 40 
tide exit orifice of the dust separator (5), and a diverg- 
ing section, that is to say a portion of increasing 
cross-section, into which the carrier gas entrains the 
fine particles. 

The carrier gas must not be a poison or contain 45 
a poison for for the polymerization reaction. It may 
contain or consist of gas which is inert towards the 
catalyst or the catalyst system employed during the 
polymerization reaction, especially nitrogen. It may 
also comprise wholly or in part the olefin(s) which 50 
must be introduced into the reactor to compensate for 
the quantity consumed by the polymerization reac- 
tion. In order to avoid introducing into the reactor ex- 
cessively large quantities of inert gas the carrier gas 
preferably comprises the gas mixture fed to the flui- 55 
dized-bed or forming the recycle gas. Figure 1 shows 
how, in practice, the recycle gas may be used as the 
carrier gas. A fraction of the recycle gas consisting of 



the gas mixture leaving the reactor, freed from the 
solid particles and compressed in order to compen- 
sate for the pressure drops in the circuit is removed 
from the recycle line (4) via conduit (11). If necessary, 
one or more of the constituents may be replenished 
by introducing them into the conduit (11) via line 12. 
The carrier gas does not need to be subjected to an 
additional compression step since the fine particles 
are reintroduced into the upper portion of the reactor 
body (1). 

The mixing device (10) is connected to the reac- 
tor body (1) of the fluidized-bed reactor via a reintro- 
duction conduit (13). According to the present inven- 
tion, the reintroduction conduit (1 3) opens out into the 
upper portion of the reactor body (1) of the fluidized- 
bed reactor. Generally the reintroduction conduit (13) 
opens out into the reactor body (1) at a height above 
the fluidization grid (3) which is higher than 0.5 x H, 
preferably equal to or higher than 0.65 x H, more par- 
ticularly equal to or higher than 0.7 x H, but in all cas- 
es at a height lower than H. The reintroduction conduit 
(13) preferably opens into the side wall of the reactor 
body (1) of the reactor. According to Figure 1 , it opens 
at a height lower than the height h of the top of the 
fluidized bed (14), that is to say within the fluidized 
bed. According to an alternative embodiment shown 
in Figure 2, the reintroduction conduit (13) opens into 
the reactor body (1) at a height higher than height h 
of the top of the fluidized bed (14), but at a height low- 
er than H, that is to say into a region above the flui- 
dized bed, where an intense circulation of powder 
takes place because of the ejection from the bed of 
particles due to the bursting of the bubbles at the sur- 
face of the fluidized bed. 

The fluidized bed reactor has at least two poly- 
mer outlets for withdrawing polymer product. At least 
one lower polymer outlet (15) is positioned at a point 
situated in the lower portion of the reactor body (1). 
Generally, the lower polymer outlet (15) is positioned 
at a point having a height above the fluidization grid 
(3) which is lower than 0.5 x H, preferably equal to or 
lower than 0.3 x H, more preferably equal to or lower 
than 0.2 x H. At least one upper polymer outlet (16) 
is positioned at a point situated in the upper portion 
of the reactor body (1). Generally, the upper polymer 
outlet (16) is positioned at a point having a height 
above the fluidization grid (3) which is higher than 0.5 
x H, preferably equal to or higher than 0.65 x H, more 
preferably equal to or higher than 0.7 x H. It will be ap- 
preciated that to be effective, the upper polymer out- 
let (16) must be at a height lower than the height h of 
the top of the fluidized bed (14) when the reactor is 
in use. Typically, the lower polymer outlet (15) and the 
upper polymer outlet (16) are separted by a height of 
at least H/3, preferably at least H/2. 

The point at which the reintroduction conduit (13) 
opens into the reactor body (1), to return the fine sol- 
ids to the reactor, and the point at which the upper 
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polymer outlet (16) is positioned can be in any rela- 
tionship to each other. However, it is recommended 
that the difference in the heights above the fluidiza- 
tion grid (3) of the points at which these two conduits 
open into the reactor body should be as small as pos- 5 
sible, typically less than H/3, preferably no greater 
than H/4. Good results are obtained when the en- 
trance of the rein traduction conduit (13) and the exit 
of the upper polymer outlet (16) are circumferentially 
separated but at substantially the same height above 10 
the fluidization grid (3). Good results are also ob- 
tained when the entrance of the re introduction con- 
duit (13) is positioned directly below the upper poly- 
mer outlet (1 6) i.e. they are at different heights above 
the fluidization grid (3) but are not significantly cir- 15 
cumferentially separated. 

The polymer outlets (15,16) can be equipped with 
apparatus for discharging the polymer, such as that 
described in French Patent Application No. 2,599, 
991. The lower polymer outlet (1 5) can for example, 20 
be equipped with a gas lock (17) and with two stop 
valves (1 9, 20) which allow the gas lock (17) to be iso- 
lated. Similarly, the upper polymer outlet (16) can be 
equipped with a gas lock (18) and with two stop 
valves (21 ,22) intended to isolate the gas lock (1 8). 25 

The volume of each of the gas locks (17,18) can 
be between 1/100 and 1/1000 of the volume of the 
fluidized solid contained in the reactor. The stop 
valves (1 9, 20, 21 and 22) may be stop valves with a 
spherical body and may be driven in a continuous ro- 30 
tary motion. The stop valves (1 9) and (20) are driven 
so that they are not, even partially, open at the same 
time. The same applies to the stop valves (21) and 

(22) . 

The polymer outlets (15,16) can discharge to the 35 
same receiver (23) intended to decompress the mix- 
ture of gas and of polymer discharged from the reac- 
tor through the gas locks (17) and (18). The receiver 

(23) may also separate the polymer from a part of the 
gaseous reaction mixture. The latter may be recycled 40 
into the recycle conduit (4) by means of a conduit (25) • 
and of a compressor (26). During this time the poly- 
mer is recovered in the lower part of the receiver (23) 

and is discharged via a conduit (24). 

The catalyst is introduced into the reactor via an 45 
entry conduit (27) which can open into the lower por- 
tion of the cylinder (1), preferably near the fluidization 
grid (3). 

The present invention includes a process making 
use of the polymerization apparatus described above. so 
In particular, the apparatus can be used in a process 
for gas-phase polymerization of one or more olefins 
containing from 2 to 8 carbon atoms, in the presence 
of a catalyst based on chromium oxide activated by a 
heat treatment, or of a catalyst system of the Ziegler- 55 
Natta type comprising, for example, a solid catalyst 
consisting essentially of atoms of magnesium, of ha- 
logen and of at least one transition metal belonging to 



groups IV, V or VI of the Periodic Classification of the 
elements and a cocatalyst based on an organometal- 
lic compound of a metal belonging to groups II or III 
of this Classification. The catalyst may be converted 
beforehand into the form of a prepolymer such as de- 
scribed in French Patent No. 2,405,961 or French Pa- 
tent No. 2,570,381. The process is particularly suit- 
able for the polymerization or the copolymerization of 
ethylene or of propylene, at a pressure of between 0.5 
and 5 MPa, and at a temperature which is at least 5°C, 
preferably at least 10°C, lower than the melting tem- 
perature of the polymer, generally at a polymerization 
temperature of between 30 and 115°C. 

The gaseous reaction mixture can consist of one 
or more olefins, optionally of diene, of hydrogen and 
of an inert gas such as nitrogen or a saturated hydro- 
carbon containing from 1 to 7 carbon atoms. Typically, 
the gaseous reaction mixture moves through the re- 
actor body (1) of the reactor with an upward velocity 
of between and 80 cm/s. The catalyst is introduced 
into the reactor continuously or intermittently via the 
conduit (27). 

The carrier gas which moves through the mixing 
device (10) and in the reintroduction conduit (13) for 
recycling the fine particles preferably consists of the 
gaseous reaction mixture, which may be taken via the 
conduit (11) from the recycle conduit (4), preferably 
downstream of the compressor (7), in order to have 
the benefit of a sufficient compression for recycling 
the fine particles into the reactor. The carrier gas 
does not need to be subjected to an additional com- 
pression, since the fine particles are reintroduced 
into the upper portion of the reactor body (1 ). This re- 
sults in a saving of energy in the compression of the 
carrier gas. 

In the reintroduction conduit (1 3) for recycling the 
fine particles, the carrier gas can have a velocity of 
between 5 and 30 m/s. The carrier gas preferably has 
a temperature which is at least 15°C lower than the 
polymerization temperature in the reactor. 

The polymer produced can be withdrawn from 
the reactor via upper and lower polymer outlets 
(15,16) in such quantities that the ratio of the flow 
rates of polymer withdrawn via the lower polymer out- 
lets (15) and the upper polymer outlets (16) is be- 
tween 10/90 and 90/10, preferably between 30/70 
and 70/30. The polymer may be withdrawn from the 
reactor intermittently in the course of time, in partic- 
ular according to a cycle of operations which applies 
similarly to the discharge apparatus connected to 
each of the polymer outlets (15,16). 

The discharge apparatus associated with the 
lower polymer outlet (15) can be operated by opening 
stop valve (1 9) so that the gas lock (17) fills with poly- 
mer and associated reaction gases from the reactor, 
closing stop valve (19) and the opening stop valve 
(20) in order to discharge the polymer and reaction 
gases from the gas lock (17) into the receiver (23), 
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stop valve (20) is then closed before repeating the cy- 
cle. If the stop valves (19,20) are rotary stop valves, 
they can be rotated continuously in order to achieve 
the cycle described above. It is important however, 
that at no time should the valves (19 and 20) be open, 5 
even partially, at the same time. The discharge appa- 
ratus associated with the upper polymer outlet (16) 
can be operated in the same manner using the gas 
lock (18) and stop valves (21 and 22). The cycles of 
the discharge apparatus associated with the lower 10 
polymer outlet (15) can be in phase with those of the 
discharge apparatus associated with the upper poly- 
mer outlet (16), i.e. valves 20 and 22 open and close 
at the same time, or the steps can be time shifted so 
that cycles are out of phase e.g. valve 20 is open 15 
when valve 21 is open. 

The discharge devices operate satisfactorily 
even when the pressure difference between the re- 
actor (1) and the polymer receiver (23) is low. This 
pressure difference is generally between 0.1 MPa 20 
and 5 MPa, in most cases between 1 and 3 MPa. 

The polymerization apparatus of the present in- 
vention and the process for making use of it offer ma- 
jor advantages. They make it possible to reduce con- 
siderably the flow rate of fine particles moving in the 25 
recycle conduit (13) and to avoid blockages in the re- 
gion of the dust separator (5) and of the mixing device 
(10). They also make it possible to reduce markedly 
the quantity of fine particles which are deposited on 
the walls of the upper part of the reactor. Further- 30 
more, another particularly important advantage is 
that it is possible to increase the fluidization velocity 
in the reactor and consequently the production effi- 
ciency of the polymerization apparatus by 15 to 20%, 
without producing detrimental effects. 35 
The following examples illustrate the present inven- 
tion. 

Example 1 

40 

The operation is carried out in a polymerization 
apparatus substantially as shown diagrammatically in 
Figure 1, the fluidized-bed reactor consisting essen- 
tially of a reactor body (1) which is an upright cylinder 
which has a diameter of 3m having at its base a flu- 45 
idization grid (3). The reactor body has a height H 
above the fluidization grid (3) of 10.5 m and is sur- 
mounted by a disengagement chamber (2). The reac- 
tor body (1) contains a fluidized bed maintained at a 
substantially constant height h of 8.5 m above the flu- so 
idization grid (3) and consisting of a copolymer of 
ethylene and of 1-butene (relative density 0.918), in 
the form of a powder consisting of particles with a 
mass average diameter of 0.7 mm. 

The reintroduction conduit (13) for recycling the 55 
fine particles opens into the reactor body (1) at a 
height of 8 m above the fluidization grid (3). 

The lower polymer outlet (15) is positioned at a 



height of 1 .5 m above the fluidization grid (3). The up- 
per polymer outlet (16) is positioned at a height of 6 
m above the fluidization grid (3). 

A copolymerization of ethylene and 1-butene is 
carried out at a temperature of 80°C in the presence 
of a gaseous reaction mixture containing 31% of ethy- 
lene, 13% of 1-butene, 6% of hydrogen and 50% of ni- 
trogen, by volume, at a total pressure of 2 MPa and 
with a fluidization velocity of 0.55 m/s in the reactor 
body (1). 

Catalyst is fed to the reactor body (1) via a conduit 
(27) which is 1 .5 m above the fluidization grid (3). The 
catalyst is a solid catalyst based on titanium, chlorine 
and magnesium, as described in Example 1 of French 
Patent No. 2,405,961, a catalyst which has been con- 
verted into a prepolymer containing 40 g of polyethy- 
lene per millimole of titanium and a quantity of tri-n- 
octylaluminium in an Al/Ti molar ratio of 0.85. The rate 
of introduction of the prepolymer is 50 kg/h. 

During the copolymerization 2.5 tonnes of copo- 
lymer per hour are withdrawn via the lower polymer 
outlet (15) and an equal quantity via the upper poly- 
mer outlet (16). 

The fine particles separated by the cyclone (5) 
are reintroduced into the reactor via the ejector-com- 
pressor (10) and the reintroduction conduit (13) in 
which the gaseous reaction mixture is at a tempera- 
ture of 55°C and flows at a velocity of 1 2 m/s. The flow 
rate of fine particles reintroduced via the recycle con- 
duit (1 3) into the reactor is 130 kg/h. Most of the fine 
particles are approximately 125 microns in size. No 
major formation of polymer agglomerates in the bed 
is observed. 

Example 2 (comparative) 

The operation is carried out in a polymerization 
apparatus identical with that employed in Example 1, 
except for the fact that polymer is not withdrawn via 
the upper polymer outlet (16). A copolymerization of 
ethylene and 1-butene is carried out under conditions 
which are otherwise identical with those of Example 
1 , except for the fact that 5 tonnes of copolymer per 
hour are withdrawn via the single lower discharge 
conduit (15). 

It is observed that the flow rate of fine particles 
reintroduced via the recycle conduit (13) into the re- 
actor is 280 kg/h and that polymer agglomerates ap- 
pear in the fluidized bed in a relatively large quantity 
during the copolymerization. 

Example 3 

the operation is carried out in a polymerization 
apparatus idential with that described in Example 1, 
except for the fact that the upper polymer outlet (16) 
leaves the cylinder (1) at a height of 8 m above the 
fluidization grid (3) and that the reintroduction conduit 
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(13) opens into the cylinder (1) at a height of 7 m 
above the fluidization grid (3), directly below the up- 
per polymer outlet (16). A copolymerization of ethy- 
lene and 1-butene is carried out under conditions 
which are otherwise identical with those of Example 5 
1 . 2.5 tonnes of copolymer per hour are withdrawn via 
the lower polymer outlet (15) and the same quantity 
via the upper polymer outlet (16). 

It is observed that the flow rate of fine particles 
reintroduced via the recycle conduit (13) into the re- 10 
actor is from to 50 kg/h. No formation of polymer ag- 
glomerates in the bed is observed. 



Claims 15 

1. Apparatus for polymerizing olefins in a gas-pha- 
se fluidized-bed comprising 

(A) a gas-phase fluidized-bed reactor com- 
prising a reactor body (1 ) having a fluidization 20 
grid (3) arranged in its base, the reactor body 
having a height above the fluidization grid (3) 

of H, 

(B) means (4) for recycling gas from the top of 

the f luidized bed reactor to the base of the re- 25 
actor body (1), below the fluidization grid (3) 
comprising a dust separator (5), a heat ex- 
changer (6,8) and a compressor (7) and 

(C) means for recycling fine particles from the 
dust separator (5) to the reactor body (1) 30 

which apparatus is characterized in that 

(D) the means for recycling the fine particles 
returns the fine particles to a position in the 
upper portion of the reactor body (1) 

and in that 35 

(E) the reactor body has two or more polymer 
outlets, at least one lower polymer outlet (15) 
is in the lower portion of the reactor body (1) 
and at least one upper polymer outlet (16) is 

in the upper portion of the reactor body (1) at 40 
a height of at least H/3 above said at least one 
lower polymer outlet and at a position which 
when the reactor is in use is below the top of 
the fluid ized bed. 

45 

2. Apparatus as claimed in claim 1 in which the low- 
er and upper polymer outlets (1 5,1 6) are separat- 
ed by a height of at least H/2. 

3. Apparatus as claimed in either claim 1 or claim 2 so 
in which the position at which the fine particles 

are returned to the reactor body and the upper 
polymer outlet (16) are separated by a height of 
less than H/3. 

55 

4. Apparatus as claimed in claim 3 in which the pos- 
ition at which the fine particles are returned to the 
reactor body and the upper polymer outlet (16) 



are circumferentially separated but are at sub- 
stantially the same height above the fluidization 
grid (3). 

5. Apparatus as claimed in claim 3 in which the pos- 
ition at which the fine particles are returned to the 
reactor body is directly below the upper polymer 
outlet (16). 

6. Apparatus as claimed in any one of claims 1 to 5 
in which the upper polymer outlet (16) is at a 
height higher than 0.5H and the lower polymer 
outlet is at a height lower than 0.5H. 

7. Apparatus as claimed in any one of claims 1 to 6 
in which the reactor body (1) is surmounted by a 
disengagement chamber (2). 

8. Apparatus as claimed in any one of claims 1 to 7 
in which the dust separator (5) is a cyclone. 

9. Apparatus as claimed in any one of claims 1 to 8 
in which the means for recycling fine particles 
from the dust separator (5) to the reactor body (1) 
comprises a mixing device (10) capable of with- 
drawing the fine particles from the dust separator 
(5) f mixing them with a carrier gas and recycling 
the mixture of gas and fine particles to the reactor 
body (1) via a reintroduction conduit (13). 

10. Apparatus as claimed in claim 9 in which the mix- 
ing device (10) is an ejector-compressor. 

11. Apparatus as claimed in any one of claims 1 to 10 
in which the lower polymer outlet (15) is posi- 
tioned at a height above the fluidization grid (3) 
but less than 0.3H. 

12. Apparatus as claimed in any one of claims 1 to 11 
in which the upper polymer outlet (16) is posi- 
tioned at a height above the fluidization grid of at 
least 0.65H. 

13. Apparatus as claimed in any one of claims 1 to 12 
in which each polymer outlet (15,1 6) is connected 
to a gas lock (17,18). 

14. Apparatus as claimed in claim 13 in which the gas 
lock vessel (1 7, 1 8) is connected to a receiver (23) 
for separating the polymer from the gas, said re- 
ceiver comprising a polymer discharge conduit 
(24) and a gas venting conduit (25) provided with 
a compressor (26) for returning the gas to the 
means (4) for recycling gas from the top of the 
fluid ized bed reactor to the base of the reactor 
body (1) below the fluidization grid (3). 

1 5. A process for gas-phase polymerization of one or 
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more olefins in the presence of a solid catalyst 
based on chromium oxide, activated by heat 
treatment, or a catalyst system of the Ziegler-Nat- 
ta type in which process a rising stream of a gas 
mixture containing the olef in(s) to be polymerized 5 
keeps the polyolefin particles being formed in 
the fluidized state in a fluidized-bed reactor com- 
prising a reactor body (1) having at its base a f lu- 
idization grid (3), extending to a height H above 
said fluidization grid and being partially occupied 10 
by the fluidized-bed, the gas mixture leaving the 
fluidized-bed reactor entrains fine particles 
which are separated from the gas mixture in a 
dust separator and are recycled to the reactor 
body (1), the gas mixture being then cooled, com- 15 
pressed and recycled to the base of the reactor, 
and forming the recycle gas, 
the process being characterised in that 

(A) the fine particles separated in the dust 
separator (5) from the gas mixture leaving the 20 
reactor are recycled to the reactor body (1) 

and introduced to the upper portion of the re- 
actor body (1) 
and in that 

(B) the polymer produced is withdrawn from 25 
the reactor via at least two polymer outlets, at 
least one of which is a lower polymer outlet 

(15) in the lower portion of the reactor body 
(1) and at least one of which is an upper poly- 
mer outlet (16) in the upper portion of the re- 30 
actor body (1 ) at a height of at least H/3 above 
said lower polymer outlet and at a position be- 
low the top of the fluidized-bed. 



16. A process claimed in claim 15 in which the ratio 
of the flow rate of the polymer withdrawn via the 
lower polymer outlet (15) to the flow rate of the 
polymer withdrawn via the upper flow rate is from 
10:90 to 90:10. 

17. A process as claimed in claim 15 or claim 16 in 
which the ratio of the height h of thefluidized-bed 
to the height H of the reactor body (1) above the 
fluidization grid (3) is from 0.7 to 0.95. 



35 



40 



aufweist, 

(B) eine Vorrichtung (4) zur Gasruckfuhrung 
aus dem Kopf des Wirbelbettreaktors zum Bo- 
den des Reaktorkdrpers (1) unterhalb des 
Verflussigungsgitters (3), die einen Staubab- 
scheider (5), einen Warmeaustauscher (6, 8) 
und einen Verdichter (7) umfaBt, und 

(C) eine Vorrichtung zur Ruckfuhrung feiner 
Teilchen aus dem Staubabscheider (5) zum 
Reaktorkdrper (1 ), 

die dadurch gekennzeichnet ist, daft 

(D) die Vorrichtung zur Ruckfuhrung der fei- 
nen Teilchen diefeinen Teilchen an eine Stelle 
im oberen Teil des Reaktorkdrpers (1 ) zuruck- 
fuhrt, 

und dadurch, dad 

(E) der Reaktorkdrper zwei Oder mehr Poly- 
merauslasse aufweist, wobei mindestens ein 
unterer Polymerauslafl (15) sich im unteren 
Teil des Reaktorkdrpers (1) und mindestens 
ein oberer PolymerauslaR (16) sich im oberen 
Teil des Reaktorkdrpers (1) in einer Hdhe von 
mindestens H/3 oberhalb des mindestens ei- 
nen unteren Polymerauslasses und an einer 
Stelle, die, wenn der Reaktor sich im Einsatz 
bef indet, unterhalb der Oberseite des Wirbel- 
betts liegt, bef indet. 

Vorrichtung nach Anspruch 1, bei der der untere 
und obere Polymerauslaft (15, 16) durch eine Ho- 
he von mindestens H/2 getrennt sind. 

Vorrichtung nach Anspruch 1 Oder Anspruch 2, 
bei der die Stelle, an die die feinen Teilchen zum 
Reaktorkdrper zuruckgefuhrt werden, und der 
obere Polymerauslaft (16) durch eine Hdhe von 
weniger als H/3 getrennt sind. 

Vorrichtung nach Anspruch 3, bei der die Stelle, 
an die die feinen Teilchen zum Reaktorkdrper zu- 
ruckgefuhrt werden, und der obere Polymeraus- 
laB (16) von der Peripherie her getrennt sind, sich 
jedoch im wesentlichen auf derselben Hdhe 
oberhalb des Verflussigungsgitters (3) bef inden. 



1 8. Use of apparatus as claimed in any one of claims 
1 to 14 to polymerize oelfins. 



Patentanspruche 



50 



Vorrichtung zur Polymerisation von Olefinen in 

einem Gasphasenwirbelbett, umfassend 

(A) einen Gasphasenwirbelbettreaktor, der ei- 
nen Reaktorkdrper (1) mit einem an seinen 55 
Boden angeordneten Verflussigungsgitter (3) 
umfaBt, wobei der Reaktorkdrper oberhalb 
des Verflussigungsgitters (3) eine Hdhe H 



Vorrichtung nach Anspruch 3, bei der die Stelle, 
an die die feinen Teilchen zum Reaktorkdrper zu- 
ruckgefuhrt werden, sich direkt unterhalb des 
oberen Polymerauslasses (16) bef indet 

Verfahren nach einem der Anspruche 1 bis 5, bei 
der sich der obere PolymerauslaB (16) in einer 
Hdhe von mehr als 0,5 H und der untere Polymer- 
auslaft sich in einer Hdhe von weniger als 0,5 H 
befinden. 

Vorrichtung nach einem der Anspruche 1 bis 6, 
bei der der Reaktorkdrper (1) von einer Abtrenn- 
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kammer (2) uberragt wird. 

8. Vorrichtung nach einem der Anspruche 1 bis 7, 
bei der der Staubabscheider (5) aus einem Zy- 
klon besteht. s 

9. Vorrichtung nach einem der Anspruche 1 bis 8, 
bei der das Mittel zur Ruckfuhrung der feinen Teil- 
chen aus dem Staubabscheider (5) zum Reaktor- 
kdrper (1) einen Mischer (10) mit der Fahigkeit 10 
zur Entfernung der feinen Teilchen aus dem 
Staubabscheider (5), Vermischen derselben mit 
einem Tragergas und Ruckfuhren des Gemi- 
sches aus dem Gas und den feinen Teilchen zum 
Reaktorkdrper (1) uber eine Wiedereinfuhrlei- 15 
tung (13) umfaRt. 

10. Vorrichtung nach Anspruch 9, bei der der Mischer 
(10) aus einem Saugverdichter besteht 

20 

11. Vorrichtung nach einem der Anspruche 1 bis 10, 
bei der der untere PoiymerauslaR (15) oberhalb 
des Verflussigungsgitters (3), jedoch in eine Ho- 
ne von weniger als 0,3 H angeordnet ist. 

25 

12. Vorrichtung nach einem der Anspruche 1 bis 11, 
bei der der obere PolymerauslaR (1 6) in einer Ho- 
ne oberhalb des Verflussigungsgitters von min- 
destens 0,65 H angeordnet ist. 

30 

13. Vorrichtung nach einem der Anspruche 1 bis 12, 
bei der jeder der Polymerauslasse (1 5, 1 6) mit ei- 
ner Gasschleuse (17, 18) verbunden ist. 



teilweise vom Wirbelbett besetzt ist, umfassen- 
den Wirbelbettreaktor halt, das den Wirbelbettre- 
aktor veriassende Gasgemisch feine Teilchen 
mitreiRt, die vom Gasgemisch in einem Staubab- 
scheider abgetrennt werden und zum Reaktor- 
kdrper (1 ) zuruckgefuhrt werden, wobei das Gas- 
gemisch anschlie&end gekuhlt, verdichtet und 
zum Boden des Reaktors zuruckgefuhrt wird und 
ferner das RGckfuhrgas bildet, 

dadurch gekennzeichnet, dad 

(A) die im Staubabscheider (5) aus dem den 
Reaktor verlassenden Gasgemisch abge- 
trennten feinen Teilchen zum Reaktorkdrper 
(1) zuruckgefuhrt und in den obere n Teil des 
Reaktorkorpers (1) eingefuhrt werden, 

und dadurch, dad 

(B) das gebildete Polymer aus dem Reaktor 
uber mindestens zwei Polymerauslasse, bei 
denen es sich um mindestens einen unteren 
PolymerauslaR (15) im unteren Teil des Reak- 
torkorpers (1) und mindestens einen oberen 
Polymerauslad (16) im oberen Teil des Reak- 
torkorpers (1) in einer Hone von mindestens 
H/3 oberhalb des unteren Polymerauslasses 
und an einer Stelle unterhalb der Oberseite 
des Wirbelbetts handelt, entfernt wird. 

16. Verfahren nach Anspruch 1 5, wobei das Verhalt- 
nis Stromungsmenge des uber den unteren Poly- 
merauslali (15) entnommenen Polymers / Stro- 
mungsmenge des uber die obere Stromungs- 
menge entnommenen Polymers 10/90 bis 90/10 
betragt. 



14. Vorrichtung nach Anspruch 13, bei der der Gas- 35 
schleusenkessel (17, 18) mit einem Auffangge- 

faR (23) zur Abtrennung des Polymeren vom Gas 
verbunden ist, wobei das Auffanggefaft (23) eine 
Polymerentladeleitung (24) und eine mit einem 
Verdichter (26) zur Ruckfuhrung des Gases zur 40 
Vorrichtung (4) zur Gasruckfuhrung vom Kopf 
des Wirbelbettreaktors zum Boden des Reaktor- 
korpers (1) unter dem Verflussigungsgitter (3) 
versehene Gasentluftungsieitung (25) umfaBt. 

45 

15. Verfahren zur Gasphasenpolymerisation von ei- 
nem oder mehr Olefins (Olef inen) in Gegenwart 
eines festen Katalysators auf Basis eines durch 
Warmebehandlung aktivierten Chromoxids oder 
eines Katalysatorsystems des Ziegler-Natta- so 
Typs, 

bei dem ein aufsteigender Strom eines das 
(die) zu polymerisierende(n) Olefin(e) enthalte- 
nen Gasgemisches die geformten Polyolefinteil- 
chen im verf lussigten Zustand in einem einen Re- 55 
aktorkorper (1) mit einem Verflussigungsgitter 
(3) an seinem Boden, der sich in eine Hone H 
oberhalb des Verflussigungsgitters erstreckt und 



17. Verfahren nach Anspruch 15 oder 16, bei dem 
das Verhaltnis Hone h des Wirbelbetts / Hone 
des Reaktorkorpers (1) oberhalb des Verflussi- 
gungsgitters (3) 0,7 bis 0,95 betragt. 

18. Verwendung einer Vorrichtung nach einem der 
Anspruche 1 bis 14 zur Polymerisation von Ole- 
finen. 



Revendications 

1. Appareil pour la polymerisation d'olefines dans 
un lit f luidise en phase gazeuse comprenant 

(A) un reacteur a lit f luidise en phase gazeuse 
comprenant un corps de reacteur (1) ayant 
une grille de fluidisation (3) disposee a sa 
base, le corps de reacteur ayant une hauteur 
au-dessus de la grille de fluidisation (3) de H, 

(B) des moyens (4) pour le recyclage du gaz 
a partir du sommet du reacteur a lit fluidise 
vers la base du corps de reacteur (1), au-des- 
sous de la grille de fluidisation (3), compre- 
nant un separateur de poussieres (5), un 
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echangeur de chaleur (6,8) et un compres- 
seur (7) et 

(C) des moyens pour le recyclage de fines 
particules a partir du separateur de pouss te- 
res (5) vers !e corps de reacteur (1), 

tequel appareil est caracterise en ce que 

(D) les moyens pour le recyclage de fines par- 
ticules reconduisent les fines particules vers 
un emplacement dans la partie superieure du 
corps de reacteur (1) 

et que 

(E) le corps de reacteur a deux ou plusieurs 
sorties de polymere, au moins une sortie de 
polymere inferieure (15) est dans la partie in- 
ferieure du corps de reacteur (1) et au moins 
une sortie de polymere superieure (16) est 
dans la partie superieure du corps de reacteur 
(1) a une hauteur d'au moins H/3 au-dessus 
de I'au moins une sortie de polymere inferieu- 
re et a une position qui, lorsque le reacteur est 
en fonctionnement, est en-dessous du som- 
met du lit fluidise. 

2. Appareil suivant la revendication 1, dans lequel 
les sorties de polymere inferieure et superieure 
(15, 16) sont separees par une hauteur d'au 
moins H/2. 

3. Appareil suivant la revendication 1 ou 2, dans le- 
quel ['emplacement ou les fines particules sont 
renvoy6es vers le corps de reacteur et la sortie de 
polymere superieure (16) sont sgpares par une 
hauteur d'au moins de H/3. 

4. Appareil suivant la revendication 3, dans lequel 
Templacement ou les fines particules sont ren- 
voyees vers le corps de reacteur et la sortie de 
polymere superieure (16) sont separes pour ce 
qui est de la circonference, ma is sont sensible- 
ment a la m£me hauteur au-dessus de la grille de 
fluidisation (3). 

5. Appareil suivant la revendication 3, dans lequel 
('emplacement ou les fines particules sont ren- 
voyees vers le corps de reacteur est directement 
au-dessous de la sortie de polymere superieure 
(16). 

6. Appareil suivant Tune quelconque des revendica- 
tions 1 a 5, dans lequel la sortie de polymere su- 
perieure (16) est a une hauteur superieure a 0,5 
H et la sortie de polymere inferieure est a une 
hauteur inferieure a 0,5 H. 

7. Appareil suivant Tune quelconque des revendica- 
tions 1 a 6, dans lequel le corps de reacteur (1) 
estsurmonte d'une chambre de degagement (2). 



8. Appareil suivant Tune quelconque des revendica- 
tions 1 a 7, dans lequel le separateur de poussie- 
res (5) est un cyclone. 

5 9. Appareil suivant Tune quelconque des revendica- 
tions 1 a 8, dans lequel les moyens pour le recy- 
clage de fines particules a partir du separateur 
de poussieres (5) vers le corps de reacteur (1) 
comprennent un dispositif de melange (10) capa- 

10 ble d'extraire les fines particules du separateur 

de poussieres (5), de les melanger avec un gaz 
porteur et de re cycler le melange de gaz et de fi- 
nes particules vers le corps de reacteur (1) via un 
conduit de reintroduction (13). 

15 

10. Appareil suivant la revendication 9, dans lequel le 
dispositif de melange (10) est un ejecteur- 
compresseur. 

20 11. Appareil suivant Tune quelconque des revendica- 
tions 1 a 10, dans lequel la sortie de polymere in- 
ferieure (15) est placee a une hauteur au-dessus 
de la grille de fluidisation (3) mais de moins de 0,3 
H. 

25 

12. Appareil suivant Tune quelconque des revendica- 
tions 1 a 11 , dans lequel la sortie de polymere su- 
perieure (16) est placee a une hauteur au-dessus 
de la grille de fluidisation d'au moins 0,65 H. 

30 

1 3. Appareil suivant I'une quelconque des revendica- 
tions 1 a 12, dans lequel chacune des sorties de 
polymere (15, 16) est connectee a un sas a gaz 
(17, 18). 

35 

14. Appareil suivant la revendication 13, dans lequel 
le sas a gaz (17, 18) est connecte a un collecteur 
(23) pour la separation du polymere du gaz, ce 
collecteur com prenant un conduit de decharge du 

40 polymere (24) et un conduit de dechargement du 

gaz (25) equipe d'un compresseur (26) pour re- 
conduire le gaz vers les moyens (4) pour le recy- 
clage du gaz a partir du sommet du reacteur a lit 
fluidise vers la base du corps de reacteur (1) sous 

45 la grille de fluidisation (3). 

15. Proc6de pour la polymerisation en phase gazeu- 
se d'une ou plusieurs defines, en presence d'un 
catalyseur solide a base d'oxyde de chrome, ac- 

50 tiv6 par un traitement par la chaleur, ou d'un sys- 

teme de catalyse du type Ziegler-Natta, dans le- 
quel un courant ascendant de melange gazeux 
contenant la ou les defines a polymeriser garde 
les particules de polyolefine qui se forment a 

55 I'etat fluidise dans un reacteur a lit fluidise 

comprenant un corps de reacteur (1) ayant a sa 
base une grille de fluidisation (3), s'etendant jus- 
qu'a une hauteur H au-dessus de cette grille de 

10 
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f luidisation et etant partiellement occup6 par le lit 
f luidise, le melange gazeux quittant le reacteur a 
lit fluidise entraine des fines particules qui sont 
se parses du melange gazeux dans un separateur 
de poussieres et sont recyclees vers le corps de 5 
reacteur (1), le melange gazeux etant alors refroi- 
di, comprime et recycle vers la base du reacteur, 
et forma nt le gaz recycle, 
le procede etant caracterise en ce que 

(A) les fines particules separees dans le 10 
separateur de poussieres (5) a partir du melange 
gazeux quittant le reacteur sont recycles au 
corps de reacteur (1) et introduites dans la par tie 
superieure du corps de reacteur (1), 

et en ce que 15 

(B) le polymere prod u it est retire du reac- 
teur via au moins deux sorties de polymere, dont 
au moins Tune est une sortie de polymere infe- 
rieure (15) dans la partie inf6rieure du corps du 
reacteur (1) et dont au moins une est une sortie 20 
de polymere superieure (16) dans la partie supe- 
rieure du corps de reacteur (1) a une hauteur d'au 
moins H/3 au-dessus de la sortie de polymere in- 
f6rieure et a un emplacement sous le sommet du 

lit fluidise. 25 

1 6. Proc6de suivant la revendication 15, dans lequel 
le rapport du debit de polymere retire via la sortie 
de polymere inferieure (15) au debit de polymere 
retire via la sortie de polymere superieure est 30 
dans I'intervalle de 10:90 a 90:10. 

7. Proc6de suivant la revendication 15 ou 16, dans 
lequel le rapport de la hauteur h du lit fluidise a 

la hauteur H du corps de reacteur (1) au-dessus 35 
de la grille de fluidisation (3) est dans I'intervalle 
de 0,7 a 0,95. 

8. Utilisation d'un appareil suivant Tune quelconque 

des revendications 1 a 14 pour polymeriser des 40 
defines. 
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